Two patients with pulmonary hydatid embolization are described and commented upon in the light of 43 similar published cases. The diagnosis was strongly suspected from the medical history and the chest x-ray films and supported by angiocardiography. The angiocardiographic features of this condition have not been described previously in detail. They include amputation and filling defects of pulmonary artery branches, which are typically located proximal to a rounded tumour-like opacity seen on the plain x-ray film. Both patients underwent successful embolectomy.
no pitting oedema of the extremities. The chest x-ray film showed a right-sided pleural effusion. Routine laboratory findings were normal except for the differential blood count which showed 10 per cent eosinophils. A diagnosis of pulmonary embolism was made and anticoagulant therapy instituted. Her condition improved rapidly and she was discharged in satisfactory general state.
However, she was readmitted three months later with an identical picture, suggestive of recurrent pulmonary embolization. Progressive and refractory heart failure soon developed. On the eleventh day in hospital, her condition deteriorated further with increasing dyspnoea, right-sided chest pain, and a critical fall in blood pressure. The possibility of a massive pulmonary embolization was then considered and the patient transferred to the Chaim Sheba Medical Center for further evaluation and possible operation.
On admission her general condition was poor. She was in severe respiratory distress with moderate cyanosis. The heart rate was 100/min, and the blood pressure 103/70 mmHg. The (Fig. la) . The chest x-ray film showed moderate cardiomegaly and a rounded sharply demarcated mass at the right hilum (Fig. 2) (Fig. 3) . The tumour-like mass shown on the plain chest x-ray film was immediately distal to this, and did not opacify. Moreover, numerous rounded, sharply delineated filling defects were seen in the opacified main left pulmonary artery and in the artery to the right upper lobe. These observations strongly supported the diagnosis of pulmonary hydatid embolization, and the patient was operated on soon after.
At operation by median sternotomy, the main pulmonary artery was seen to be dilated, and on opening the pericardium a large bulging cystic mass was seen to protrude through the right diaphragm into the pericardial space. The pericardium and the myocardium were intact with no signs of cyst rupture. Cardiopulmonary bypass was instituted and a longitudinal incision made in the main pulmonary trunk up to its bifurcation. A large number of hydatid cysts and membranes were aspirated from the left and right pulmonary arteries as far distally as possible, by suction and irrigation with saline. At the end of this procedure backflow of blood was obtained from both pulmonary arteries. The main pulmonary trunk was closed by a running suture and extracorporeal circulation stopped. The cyst which was seen to bulge into the pericardium was opened and found to be a hepatic hydatid cyst containing a large number of daughter cysts and membranes, which were evacuated. A tube drain was inserted subdiaphragmatically and the pericardial incision closed. The postoperative course was uneventful. Now, 4 years after operation the patient's condition remains satisfactory.
Case 2 This 31-year-old man, whose case history has been reported in full previously (Deutsch et al., 1969) On follow-up examination in 1974, his clinical condition was satisfactory but a routine plain chest x-ray film showed a rounded, sharply delineated mass at the right hilum and decreased pulmonary vasculature of the lower half of the right lung ( with decreased vascularity of the right lung. The bulging left heart border is due to a myocardial scar after cardiotomy for cardiac echinococcosis. ended abruptly with a convex contour. The pulmonary artery branches to the right upper and middle lobes and the left lung appeared to be normal (Fig. 5) . The tumour-like mass on the plain chest x-ray film was seen to be distal to the occluded pulmonary artery stump and did not opacify.
From the patient's past medical history and our experience with the first case pulmonary hydatid embolization was diagnosed. At operation by right lateral thoracotomy, with division of multiple adhesions following previous operations, a large hydatid cyst, measuring 5 cm in diameter, was found at the right hilum. After the host membrane had been opened, the cyst was emptied with a trocar, and numerous daughter cysts and membranes were evacuated. Another cyst was found emerging from the intermediate part of the right pulmonary artery causing complete obstruction. On evacuation of the cyst, bleeding from the proximal part of the artery occurred and was controlled by suturing the arterial wall which was very thin and fragile. A huge hydatid cyst of the liver was then evacuated transdiaphragmatically and a drainage tube introduced below the diaphragm which was sutured.
The postoperative course was uneventful and five months later the patient remains in an excellent condition.
Discussion
A primary hepatic or cardiac hydatid cyst is always unilocular and contains only liquid and microscopical elements, namely the brood capsules, scolices, and the products of their disintegration (Deve, 1928 Another mechanism of pulmonary hydatid embolization is erosion of a mediastinal cyst with direct penetration into one of the pulmonary arterial branches causing embolization and obstruction of the latter. This form of pulmonary hydatid embolization has been documented previously in one patient from this hospital (Kreisler et al., pulmonary hypertension. A week after angiocardiography she suddenly collapsed and died in shock, death appearing to result from massive pulmonary hydatid embolization. At necropsy, the main pulmonary artery was surrounded with echinococcal cysts which compressed the artery and penetrated its wall. One of the cysts protruded into the arterial lumen. Another cyst was ruptured resulting in embolization and occlusion of the pulmonary arterial branches.
Both our cases had signs of hepatic echinococcosis. The first had no evidence of right heart echinococcosis, either at angiocardiography or at surgery. We assume, therefore, that pulmonary hydatid embolization was the result of a hepatic cyst rupturing into the hepatic veins or directly into the inferior vena cava. In the second case, the origin of the hilar cyst and of the pulmonary artery obstruction was difficult to trace at operation. A hepatic origin could not be excluded.
The clinical picture of pulmonary hydatid embolization is similar to one of ordinary pulmonary thromboembolism. In acute massive macroembolization by large echinococcal cysts and macroscopical hydatid elements, occlusion of the main pulmonary arteries may lead to acute cor pulmonale or sudden death. This occurred in 17 of the 33 cases with clinical documentation collected by Purriel et al. (1970) . In less severe forms there may be a clinical picture of subacute cor pulmonale with raised venous pressure and decreased cardiac output. The latter was present in 3 of 33 cases mentioned above; all died within 3 to 10 months. In 13 cases, repeated rupture of a hydatid cyst resulted in recurrent pulmonary hydatid embolization. In the latter, chronic cor pulmonale developed in the form of progressive pulmonary hypertension and congestive heart failure of prolonged duration (2 to 10 years). In our first case the initial episode of hydatid embolization presumably caused only moderate obstruction of the pulmonary vasculature with a clinical picture of subacute cor pulmonale which subsided gradually. Subsequent embolizations, however, were life-threatening and necessitated prompt embolectomy. In our second case, pulmonary vascular obstruction by hydatid cysts occurred without apparent clinical manifestations.
The electrocardiogram in pulmonary hydatid embolization shows the same changes as in ordinary pulmonary thromboembolisms. Commonly there are symmetrically inverted T waves of right ventricular systolic overload in right praecordial leads (Purriel et al., 1970) . This was seen in our first case in whom the right ventricular strain pattern regressed after operation (Fig. lb) .
The plain chest x-ray appearances in pulmonary hydatid embolization which have been described recently (Purriel et al., 1970) were also seen in our cases. As a result of the impaction and subsequent growth of the hydatid cysts, the affected vessels tend to display aneurysmal dilatation and tumourlike appearance, with sharply delineated borders and amputation of their branches; the corresponding lung field is oligaemic. Trapping of hydatid cysts in second or third order pulmonary arterial branches may cause local aneurysmal dilatation and the plain chest x-ray film may then show rounded pulmonary shadows. Cardiomegaly, with a prominent main pulmonary trunk, may also be seen.
There has been little previous experience with angiocardiography in pulmonary hydatid embolization. Purriel et al. (1970) briefly mentioned the angiocardiographic appearance in two cases with pulmonary hydatid embolization. They stressed only the regional changes in the pulmonary vascularity as a result of the obstruction. In both our cases the stump of the occluded main right pulmonary artery was proximal to a well-defined hilar mass. Furthermore, in our first case, multiple, rounded, polypoid filling defects were seen in the main left pulmonary artery and the branches to the apicoposterior portion of the left upper lobe. In addition, the artery to the posterior segment of the upper lobe was also occluded and ended abruptly with a concave demarcation line.
However, these angiographic features are not pathognomonic for pulmonary hydatid embolization as ordinary pulmonary thromboembolism may cause similar findings. Furthermore, hilar bronchial carcinoma or mediastinal malignant disease may also present as a hilar mass distal to an occluded pulmonary artery. Also intracavitary right ventricular tumours may propagate into the pulmonary artery and cause similar polypoid filling defects. However, in patients with a history of hydatid involvement in other organs or from endemic areas of hydatid disease, angiography can be of great diagnostic value. In these circumstances, the first clue to the diagnosis of pulmonary hydatid embolization may be seen on the plain chest x-ray film, as happened in both our cases. Early diagnosis, particularly in the massive form of pulmonary hydatid embolization, is of major importance because surgical intervention could be life saving.
